WO 2009/ 085157PCT/ US2008/ 013766 Predi ction and Conpensati on of
"Erosion in a Magnetron Sputtering Target FIELD OF THE | NVENTI ON 5The
i nventi on WOI28¢%9851§€neral |y to sputtering of material s.PGHUS2008/013766
particular, the invention relates the vertical novenent of a
magnetron in back of a sputtering target. BACKGROUND ART Sputtering,
alternatively called physical vapor deposition (PVD), is the nost
preval ent nethod of depositing |ayers of netals and related material s
in the fabrication of 10integrated circuits. Sputtering was devel oped

to deposit planar rretal | gyers us for interco cts and conmerci al
sputtering typically ut rﬁﬁ?&%%ﬁ pgpsaglgrbg?ﬁp 18t ki ng gas,
usual l'y argon, to bonbard. th ega |ve$ﬁ &I ase%ar et w th argon
ions to sputter atons of tH M@;‘r%’@%‘ P éfitt hereafter coat
the wafer with a layer of the target material. In reactive sputtering
of nmetal nitrides, nitrogen gas is additionally adnitted into the

sputteri HEIHSGEHHDEMENTIONbre recently sputtering has been adapted
to deposit thin |layers of nmetal and netal nitride ont

t.he wall.s of.
hi dh- Sepect  r 305 BV HBI B elst Rousal i 4 SPuang PERCHEels. RELEHA GG igvention
W dely Usdfle fied regﬂrhom[em%a&@giﬁ%nmbaekme&%%gwgaal such as

tant al um and ractory nitride on via wall's to prevent the
di ffusion of copper fromthe via into the surrounding 20 di el ectric

| ayer of _sil. ' r lowk dielectric material. It is also used
to d'epos' ‘l&kﬁgﬁﬁﬁ’?‘ﬁ%gﬁé‘? seed layer onto the via walls to act as a
plating elect sg&teera@dal@nﬁueémmaq;hlyﬁyﬂrvalﬁardeﬁwunﬁf(wnn #dhé mbst t he
via hole by el ect rochem cal platin pl asma sgutterl

as t ypi cardvgleprmethpé e%ldap@ﬁﬂ@g ke pgme%flﬁ a@dg@ﬁteémtwl%&&t@ fahricatigng
o SRR, ShOkEH 25 O R sl Lo
bi as of &ﬁmebmiectls und c@dmentdl sputeriag pipicatly tilizea lag:daasmdmf lasspu thesr veinling gas,
TR IR T TR I N
bi ased t O6locAhateliANwhIAE KR cARE SR HelvidferlvAEDL layal ST1TRe fafgéﬂ’tﬂatenaﬁr[n
exenpl ary- target 10, illustrated in the
reactive sputtering of metal nitrides, nitrogen gas is addltlonally admitted into the sputtenng
15 chamber.

More recently, sputtering has been adapted to deposit thin layers of metal and metal
nitride onto the walls of high-aspect ratio holes such as vias and trenches. Spﬁttering is
widely used to deposit barrier layers of a refractory metal such as tantalum and the refractory
nitride on via walls to prevént the diffusion of copper from the via into the surrounding

20  dielectric layer of silicon oxide or low-k dielectric material. It is also used to deposit a thin
coppér' seed layér onto the via walls to act as a plating électrode and a nucleating layer for
copper filled into the vié hole by electrochemical plating (ECP)

In plasma sputtering as typlcally practiced commermally, a target of the material to be
sputter deposited is sealed to a vacuum chamber containing the wafer to be- coated. Argon is

25 - admitted to the chamber. When a negative DC bias of several hundred volts is applied to
target while the chamber walls or shields remain grounded, the argon is excited into a

plasma. The positively charged argon ions are attracted to the negatively biased target at

high energy and sputter target atoms from it. An exemplary target 10, illustrated in the
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WO 2009/ 085157PCT/ U82008/ 013766 schematic cross-sectional view of
FIG 1, is arranged around a central axis 12 of the vacuum chanber.
The t ar geWADOYIFSETT | ncl udes a backi ng plate 14, whi chPaEEYSHES/013766
conposed of brass, to which is bonded a target |ayer 16, for exanple
of copper or tantalum However unitary copper targets are possible.
A magnetr osi ti.on d o]
opposed § ﬁﬁ%%]tcl E SBS?Céls?n levﬁ Qpﬁnaﬁgdé{ f%g eh%(%‘%ﬁlh a]cgng{tlcd%( gl?fofggéé%cuum

t hr ough chamBEN athe Gary@k © o2dén iR 1yesh Badking patg ne;wmcn imely e Bomposed ofibrass,
the target |layer 16. The magnetic field traps el ectrons of theﬂgl asma

and hence wmmléh@@d@ﬁ@rg@rém 9. fof e&ﬁﬁ@%@%@ﬁﬁe&% ROV AT L8N he
sputteri etyr | f f6lud

ot ot BdThfers FRARART Rk Bol 3s puRhGRU bRAdTEe GRS Boludes
the azi nuiohpboste peshétioqolesiof 22 magyeticdnmapteiat thebagndroughs m@ﬁéﬁ%

nore conplicated shaethant strated in F

adapt at i ¥o¥e éf t%?ﬁ?ie?b gretls ﬁégﬁf O#ﬁgﬂfﬁé?rlggt lyerﬁ?‘gﬁllxg BEt ?n-crﬁzf gaps
hol es hagedi@al 6€tnl PI geaBﬁE End)ﬁbn@@ HeRASdsNBe ddSitpbzBe plasb @ mﬁabﬁiﬂcﬁd‘assme
that the target po Is concentrated in a smaller area and t

pr oducesspatténigrete. Tae gegn?rmelrfﬂ 1@! emidatly offset &oabiie centrab axis Ad of ﬂ@ target 10

d f.th fth
SSEtS ![ E,‘)r/ 3 ésEr(gﬁéé)daa%gutl 6{? 1B<‘ér8ase %ZEIIL{S'{?X &agsﬂc‘m:ﬁré ecft?ﬂ Ca‘rzfnke?&alo the

nggat i vehy, %ﬁh@m\rebhﬂ)ré @Mﬁ%lﬁfa&ﬁ shpeshaeatitiusirasainind@@pl.wi t hi n narr ow
holes in t wafer. It has

een found that i into
aspect - r at i o Fst adaptafianof#puitgingte ﬁ‘i’aé’élﬁlﬂéfnw?lf zﬂ%ﬁ‘f%‘nﬁ% IR ]f‘ﬁ?sg‘ﬁs tds
i's prono 8ftratddin
por | phor ) figBbie i 55 BRI Abehtfori i SRt bk
tovar ds grdlee et eid thadpiotihas ghhigher target pawer, dena@n@terabmsmmsglgdb%d@ﬁ@d

for uniformtarget ero ioni.z tte n
may. prectUBEPAMH breen serto Rl E e tor SE S e o BF Bep iReh T
the tar gghret & cRRiHMAY Eéigatﬁé]%lagéd Eﬂéebpﬁtﬁétéd RS Eantedrawh degPwiRhih narew

the target center and i1d up an increasing thickness of redepo 5| ted

mat er i al holwhinghe wefes Iulm bean &uadilat sputtsting inte highaspesheptiodojss pd

flake off an uce L SR GBnetr
Fail on CREAE BR RGP R SR 8 P QB brlhy DL athe Sl E“e o
count er 1§ hé&r feqletiphery bibthg tatetal0. THe spittese ibms dnSthelpat @fﬁlseﬁ,omsl,sslles a
magnetron that pivots between a radially outer position used for nost
of the sp@¥er deposi ti on and iradially inner position in which the
nmegnet ron cl egﬂ Y%B magnetrons were@REiBndlBE ulito t érosiomg, Gonindd
for erosion o t% targ *Thé peripheral “scanni ng of 30the smal |
nmagnet r osputiBring with g sl magnqgtn hayereclude wifosmeaaian. dvrdemn if oy Ge guige
26 while the ¢ portion.of the. tar S
bel ow i t BYGPR afﬁ’ﬁltaf%ﬂr‘? Pugtersd, somp oL e} gﬁé”& Rl rédipb it AP el 85
center and build up an increasing thickness of redeposited material, which does not adhere

well to the target and is likely to flake off and produce an unacceptable number of pamcles)
25 , which fall on the wafer and introduce defects in the final devices. To counter this problem,
Hong et al. disclose in U.S. patent 7,018,515 a magnetron that pivots between a radially
outer position used for most of the sputter deposition and a radially inner position in which
the magnetron cleans the target.
Care must be taken to account for erosion of the target. The peripheral sckanning of
30 the small magnetron 18 erodes ths target layer 16 to produce an annular groove 26 while the

central portion of the target layer 16 is eroded less below its original surface 28. Excessive
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WO 2009/ 085157PCT/ US2008/ 013766 sputtering of the target 10 will

punch throgg)zzthe target layer 16 to sputter the exposed underlyin
backi ng pl 04%08313d cont ami nate the chanber especi all yPWF/U%F“?gé‘ﬁWé um
barrier layer is being sputter deposited. In the case of a unitary
target, excessive sputtering may nmechanically weaken the target to
t he poin | V, I I , hese
pr obl em%p%&régég S#hﬁg%g'%gbﬁgg’gﬂ% e %ugp%ﬁey&%gggerri %gtéts ﬁgggs%géixgﬁse?n a
test as anddalyitg teokiaf platd Bt imdecohmngedte treehgyberfespecetland @ntaiure barmivber

f Kilowatt-h KW ljed to the target i ng. tional
O T P95 b e BP0 P v B0 PO
for a Comc*@ﬁﬁéaﬂg wRbkdAhO Bl R RIMEBEME WheR PG nh&dtdndloBethe @RGHEGY At t he

end-point of target sputtering, for exanple, just before the target
| ay®er i sresporisedo thdse probletms carghon mapgkp eweuntaé fydyingaguriethe eropigp iy test

fixed conbinatj.on of netron and. tarqget configuragq. g yred
endpoi nt ﬁgﬁ‘ébméﬂ@?f&{;‘%g Faégeéteggrg};ﬁgﬁeﬁaﬁ:éﬁ% edé%‘g’é ﬁgﬁff@&%&é‘l 1?0216 cezl.E )
Er osi on %?Mfc@&o thef thrgEtRIinD bp&rh8dRal BbudleABHBT Bk et itarget eAsrgylive t ar get
10 is eroded, the sputtering surface within the target |ayer 1

6
recedes &KpFrisesmiadlyesteblished frarembingtien phiargesaml asneaR 2t e #raefopiey at

field at It.t er | . .QVe i i
target 161 SR oP i oA HELAE TaE AARRRS S Blrofc e larec iR SpptcR
magnet i c tiroegictoBxpekic aloeicking @ls¢ U drarfixed combinatien ofvhagietron endtisges

with the depth of erosion. Also, the plas may RQecome unstabl e under
changes &f ton; the peapged %’@g}%-a§geé£¥?fﬁ>gn&°£3fﬁ%ﬁgwagh%ﬁaﬁ%fﬁﬁ?§!ﬁtehe
latter ofMu.gh can create damaging particulates. Hong et al. in US
pat ent application publication 202005/0133365 di scl ose the advantage
of peri odi cal [Eyosiatj eauseis adunthes psohdem irgplbemavraiicring Asthgdargetdd is peded,
magnetron,_to conpensate for | ong-ter r Qsi f y
wafer oy g BRI AT RCrR Rt TaR RS B ookl oloBi 38 tneneliBE
M |4 er et18ab thatl @RGhidaEtid flellaSthe pRiteRihg Surdid cR&iZesodr alnelifatiye g€ the target
mechani sm whi ch achi eves sonmewhat simlar results to tgﬁ:qta/\o r?]tzi tion
magnet r ortOofThesmutteng eatg depepdsgonstng magnitysde of thepprgngtic fi g J?'Fﬁg ron
inamlt ﬁ&e?i?lgguﬂ&tet@{ﬁ@h%%ﬁfs Wiatthe At fhb)ﬁ eito_@fog.?%-lsolv'tﬂelp@;(snﬁtm&}l become
descri be nor& genetral epicyclic scan chanism referred to as a
uni ver salunstalgja @hdeywhanges ofmégdohy findepessibfngxtinguikhify opsptadnng, the latter of

licati 11/924.573, filed. ber 25, .20 d i or ated .. |
horei n by et @nafals dagiaciirradisia vy Hopchy ol A enrEh Bhtsaion o
- t hgg scan 2pas/be33365 Alsclobethl laaveitae b f eaddicily Rajukedp the sfdcitRbebyech filge

gears and arns form ng the 30nechanism the UMM nechani sm can produce
a near |y taresfiand sheymagnsizon tex qoapnense for bongrigap iesien of thsttarget e Hany wafer

- coaxial 0akd S 1o MR AYILRRRAME Sl AR 3766

Miller et al. describe in U.S. patent 6,852,202 a planetary gear mechanism which

achieves somewhat similar results to the two-position magnetron of U.S. patent 7,018,515
25 by scanning a small magnetron in a multi-lobed pattern across back of the target. Miller et

al. describe a more general epicyclic scan mechanism, referred to as a universal magnetron

motion (UMM) nﬁecham'sm, in U.S. patént application 1 1/924,573,. filed October 25, 2007

and incorporated herein by reference for the details of the scanning mechanism. While the

scan pattern for the planetary gear mechanism is fixed by the gears and arms forming the
30 mechanism, the UMM rnechanism can produce a nearly arbitrary scan pattern by the

independent rotations of two coaxial shafts.
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SUMVARY COF THE | NVENTI ON One aspect of the invention calcul ates
a predicted erosion profile for a target being scanned by a magnetron
in a conpl¥R2ME84E] ect ed path. The cal cul at ed er osi on PEEAIR08/01Pa§6
5be used to determine the end of life of the target, for exanple,
when the target layer is nearly eroded through by the sputtering at
possi bly only one area. One net hod of cal culating the erosion
profile involves experinentally nmeasuring a calibrated erosion rate

profil e, SCMMARIOF THEINEENSIGN depth per energy applied to the
target as the nmagnetron is rotated at a known radius fromthe tg(&iget

center. The ePasisppctiothe inommias arlewaist 2 Bredicted FrRROERIRTISEOE & HFEH PEYSL 0
an erosign rahe af %@{;&Jﬂgﬁ %ogygdl%%aﬁysre%@teh A The !chlgﬁl?\feflﬁf%srf}ﬁlaﬂrhﬂle may

| i near proporti'ona erati onal scannin e sane
type of baaRats dieruigdthe end belifealf iHertafgeto for ekdrepler wisénathe taagat 1qyenisinealy

is determned by summ ng over many_ scans the product of the erosion
rate at ?Hé@%ﬂﬁ%‘&bgyéﬁeSPHEWP&Q%B?%@Y"@HQ“T? spent at those radii,

and the powernhe | iB8h GRIfile FHOBRES &lpeARRhiall i
cal cul ation ‘b(ljﬁ?ng?m?ggﬁlgg?ﬁe%tﬁ?grcci)igli%gn t%e tar getﬂeare upaég%eg%iumga

during scalibrtetherosion rateprofilee for @z ueple, anferesien daptheparicnergy applisdds thegerigaly

a magnetron in a pat.h havi radi al ..copponent s and.dyrpam I :

adj ust i nff egﬁﬁ%ﬁtﬁﬁ 1%@%%‘%%%%%@%8? ggrﬁqgen@r%eﬁ%engear'r g@? e%girofl)r%tet he
radi al  sgRENKI: bl SATRRRS B CordvefedtolaadiaionatRsi amvtreddiheby diiaverse
vertical adjustnent may be made according to erosion profiles which

are per i begag ar neparly dineasipaansationafitye aing papiptionsh s¢ranipg i saps (B REnt
may be _ S tiieal o Vel ey

Ty gt . g dbon TR g oS bt 685100 Blofie B ErenfioBR E Lhilfidg Vrer
const ant mpAyWsanothe produendf thoerbkien rae gampwh hadit efithemagmettoagbe tene spent at

moni tored and used in a feedb N t | th ti . .
act uat or gl"ée Fadtt ﬂ?%%p"‘fe&ﬁg‘é’g%gg‘ﬁdgg ghettgrggt(.) 3%&‘)9‘%?}10\%8]?{32 é@%g‘gﬁﬂ‘éP‘&F Y
cofst s PORgHeRGt tRliidndESiat R RPEAEDd ghiddie magnetron and the

portion of the sputtering 25surface of the eroded target underlyin
t he magnet r onAnGhREEEPEE PveanpIORCIPEES IDRANE NERgnetron ipjaq@athhhaviigyadial

schemmal | & GhaRas 368 byiifbaly| Altsfle 2o RRHb e AE dAhAkua th RS Bbat od

magnet r on. C Cross-se Vi ew
sputter divaidx@e radint keining ta cgapaisat fadlanpdiayabiion podile. Beharticahadjgatment
| , ts mg nteI;[agl%re] 'madc\a/\?cch(‘)d?r?g/ t%se?g's?gnpggéﬂlg%v 0c /a(gel ggn%%ically calculated. Alternatively,
20 the vertical adjustment may be made by monitoring electrical signals used in powering the
| target. For example, when the target power supply provides nearly constant power or
current to the target, the target voltage may be monitored and used in a feedback loop to
control the vertical actuator to return the target voltage to a desired voltage generally
| corresponding to a desired spacing between the magnetron and the portion of the sputtering
25 surface of the eroded target underlying the magnetron.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic cross-sectional view of a sputtering target and associated
magnetron.

'FIG. 2 is schematic cross-sectional view of a sputter chamber including a general

30 epicyclic scan mechanism for its magnetron.

-4-



T

FIG 3 is an orthographic view of one enbodi nent of a nmagnetron and
its scanni ng nmechani sm FIG 4 is an illustration of a conplex
magnet r on WO20988152rn wi t h which the invention may be RISEHS20813366 5
is a graph of an erosion rate profile for a circularly symmetric
scan. ~ FIG 6 is a graph of erosion rate profiles derived from
that of FIG . nar ' j ; i
is a flowdi a?@'ylg S@L%rén@g%}’%e“%%g% el?ilagr%t eggdo%%iérdgg?? grll dnlés ?ﬁgﬂng
i nvent i onmdchalisifli ng static vertical conpensation of target erosion.
10FIG 8 is a_flow diagram.of another enbodi nent of a nethod, of
practi cing thgl(?rﬂ/’éﬁpillg‘ffuﬁﬂ%‘??fg‘iWﬁ%‘ﬁ%ﬁ%ﬁ@@ﬁf‘e@dﬁﬁﬂ‘@ﬁ?%&n of
t ar get erig‘%ing@rbm BALLgD DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
invention has been applied to a sputtering system described in the
af of eci t ed U. SIG15satgeah cfpplerasimirete prdafile fot a3 Ruiagy Bymmeticaeary| | |

hereafter Mller. A hanber 30 schematically d i
{he. or 0gs- SeclIOHAlS VR Greres 142 AR LS A e g PR FAGT h fthalifed

chanmber 3@ meratrbfytsiommetri c around a central axis 34 and _
supporting a target 38 through an adapter 40 and an isol ator 42. The
target 38 ray Fie. 7 israrfiay diegiem ofongambpdizent of ayacthpd, ot Ripeifing thygyention
i ncl ude a_tar.qget. | . I i ior:of the chanber body 32 and
20 bondedmfl%&lgg t%‘1'!(1: |e%g”fé?%‘%’g”q‘éxtp"g‘nﬁ?%géﬁ°a‘f51e°?‘a| |y over the isolator
4210 The sputt FIGChaMfow ddgahsef anothkticgatisodimemiof e nssoddpnasticing thébt i on
(UMM actuator 46 |ocated in the back of, the target. 38 and i ncl udi ng
an i nner RYRnHPY inchiding dygamycqes hW%FPS%WPQ?W%ﬁIng%aft 50, which
are coaxi al and are arranged about and extend along the central axis

34 and can rotate about it. A first notor 52 is coupled to the inner
rotary sHETAUFIHDESCRIFTION)QHTHPREFERRED %E@é}mﬁm:ﬁ means such

as a belt wapped argun wo pulleys to. rotate it .

TS e e BB B Se Ry A ekl oo iR O gt
drijye gegfatenBapplicaRMmNANI2A73 18 MiHert D al Hetdafter Millehdapspudarhhybaf 30t he
rotation of the inner rotary shaft 48. .The rotary shafts 48, 50 fmd.

t heir motsgh@n%@allwuatraée%@ﬁ%@?méﬂsesﬁo%l viewaf &4 i//mﬁ%%ia%? genyepizpnal mgn

AL TR S EE b TEEHEN SR s Bhothes uptmesi
shafts 28 ddépterf4leandamasotatetvd. t Bhe48igetsiB rmaebafouptdiomdhamatepiekipdiei ¢
mechani s ngngére ori r(r:lgy %‘éﬁﬁg E&%asrgé% 1ayer facing the interior of the chamber body 32 and
20 bonded to a backing plate extending laterally over the isolator 42. The sputter chamber 30
~ also includes a universal magnetron motion (UMM) actuator 46 located in the back of the
target 38 and including an inner rotary shaft 48 and a tubular outer rotary shaft 50, which are
coaxial and are arranged about and extend along the\central axis 34 and can rotate about it.
A first motor 52 is coupled to the inner rotary shaft 48 by a drive gear 34 or other
25 mechanical means such aé a belt wrapped around two pulleys to rotate it. A second motor.
\ 561is sirnilarly coupled to the outer rotary shaft 50 through another drive gear 58_ or
mechanical means to rotate it'independently of the rotation of the inner rotary shaﬁk48-. The
rotary shafts 48, 50 and their motors 52, 56 are supportéd on a vertically movable slider 60.
A third motor 62 drives a vertical mechanism 64 such as a worm screw mechanism vertically

30 mmoving the slider 60 and its supported rotary shafts 28, 3C.
The rotary shafts 48, 50 are coupled to an epicyclic mechanism 70, which supports a
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WO 2009/ 085157PCT/ US2008/ 013766 magnetron 72 through a nount 74 and
scans it over the back of the target 38 in a nearly arbitrary pattern
det er mi nedV®P00PHE150t ati ons of the rotary shafts 48, SECT/PRUOFPISES| i c
mechani sm 70 and its supported magnetron 74 also nove vertically with
the slider plate 60. The principal enbodinment of the MI|ler epicyclic
mechani s 0. | anet ary . ' '
pl anet arlghéjggf) B r’{gé 3# samﬁgﬁt%%d%é%éﬁnvg%\%%?cﬁf t%§{a§geigﬁﬁ%%§%r%i ch
i s rotat gdithyy pdiern dui@minedtbyrtie sitaions 4Bthe adthgrshafieed®, 501 e epixgd, as
is described in nore detail hy MIler_and wll beailescri ed]é&n Lagsg(gr
detai | bBFIRUSINE FpddisstpRasted PaghEfr {4 %#q ey erdcally i ghae sds) B
- supporti A §: 9 ORI dr REic38ic RBENIRA178 i chPgBeh C
pol ari ty%%ﬁ%lr{gﬁ%ﬁgéedﬁﬁ%gl&%m S %éi%glﬁgagn ou%nelgﬁgglli B%Bgf the
opposed whighdiffers fOmpahaplatatarsigdarsuechenisdiofiyy.$.lpetenh®892,p% by 7 un g

magnetron, 72.is typically small and circular. .Th netron..72 .and
| ar ge poPie h%rogfé/cftﬁ’etﬁgﬂ%fﬂ/’g’?ﬂ Sl?ﬂ%‘c‘}?;ﬁf@ﬁ% bgfl%(ﬁégg Sése%esflﬁbeén fnore
uni | | ust ﬁ@&i?%pﬁﬂéﬂaﬁgvﬁﬁﬁ@ﬂé’s@ﬁbec@x’hl&s@é‘ﬂdet‘elmb%f!dvﬂgfﬁélhhé&d'oﬁgakﬁﬁhaﬂl?
the back of the target or its backing plate in order to naintain the

target 3@chilesa magnedinabke 76 vmpesing epdmagreticibt eouplingyan Enerrole§ pf one

chanber . vacuum 0 i i er
S b oulene RRHNAIBHTRe Bl RS 34 U LbRG e & of o EagARD
WOIOK i ngl gas%tgau@fmmafng@me inhétpold T8 mmt@d btr&:?’él ts][tmigdruﬁnml dfc%rowl/ar.
controller . If reactive sputtering is desired, [ exa . Of a
metal ni ﬂ“? pagnelfon d3 and lasgepostions of therpiqyphic %‘Ggﬁmsﬁ‘ '&ﬁie éksggi?ﬁén agg

al so SUpﬁllxiggQrat cW@ﬁﬁgr res00iPbf QLGN atiigRETITA L E114 0 SRR (0® theQRrgt or its
pedestal 1 conf 1 gur ec? as an 20el ectrode in opposition to the target
38. A cl bagkingiplge fr0erdersty nizéntaigdioe targehd$ af a rhesonetfly fowl Bperaturpe

pedestal 102 gr. to profect. the pedestal periphety. However, . .
nodem r eact orgetﬂg‘énitf’g%? WB&CEW‘ Tehad RE ‘?‘l‘%‘!‘pdéql%uem%\?a%%?mi’b%%gg& et
- thg pedegtizbed 92 thrd\phel pﬁﬁilﬁmg:;ﬁdrt 92.0A @usiRetesial sabplick AGpatppaTkiag gad)
the adapter 40 protects the chanber walls and sides of the pedestal
102 fr onfushas exgendaieshe ehambend thipugh apess flow contraha o iLhrepsityespulisrns
25di scha . The - j - TR i hr

= gap. 108 BereEE R B AR EE, R ol BUAFESTHdinh AR S ARRES
106. O helso sipptiedl confi gurations may include an electrically floating
secondary shield inside the primary shield 106 a rforatipns

t hr ough portigﬁ’éﬁf?ffl%pl‘?é° : f_ﬁg’rg?atg %’Pﬂorge@@“ﬁrwg%%e@sﬁﬁmﬁ%e E®ndary
shiel d t gleRrsu3eh Bpiiittioh t@Weititber I8N EA BIERBEHS 100 ntydR-us&D HaA PeWRifer
supply 110 ne atlvelé.bl ases the target 38 with respect to the

gr ounded 18hiogheipedsstabi{ ar duBrotect e padestah pontierh dleyseyer. nasy nesder ed

and di , s¢ pe%&l%?s JSQ te@ct?os?eltﬁscﬁgcks-wﬁold the wafer 100 against the pedestal 102. An

‘electrically grounded shield 106 supported on the adapter 40 protects the chamber walls and

sides of the pedestal 102 from sputter deposition and also acts as an anode in the plasma

25 discharge. The working gés enters the main processing area through a gap 108 between the
clamp ring 104 or pedestal 102 and the shield 106. Other shield configurations may include
an electrically floating secondary shield inside the primary shield 106 and perforations
through portions of the primary shield 106 protected by the secondary shield to promote gas
flow into the processing area.

30 A DC power supply 110 negatively biaszs the target 38 with respect to the grounded

shield 106 and causes the argon working gas to be excited and discharge into a plasma. The

&
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motors 52, 56 in U.S. patent application 1 1/948,118, filed November 30, 2007.

25 A more realistic version of the epicyclic scan actuator 46 and attaéhed,ma@éUOn 72
| is incorporated into a magnetron actuator illustrated in the orthographic view of FIG. 3 in
what is refér'red fo as a universal magnetron motion (UMM) mechanism 130. The UMM
" mechanism 130 ié suppdrted on a flange 132, which is supported on and sealed to a top wall
of the cooling reservoir. A derrick 134 supportéd on the flange 132 outside of the reservoir
30 suppo'rts the motor 62 of the verticai actuator, which can vertically move the slider 60 which
rotatably supports the rotary shafts 48, 50 and the shaft motors 52, 56 coupled to them

.
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The outer rotary shaft 50 passes through a rotary and axial seal into
the cool i NBOR@8E8IEi r and is fixedly attached at its | G@EAUSEN0I3G06a
~gearbox 140 and its counterweight 142. The interior of the gearbox
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rot at ed 1 h t | h
Cpoat - e A et St LA IRIARHER IS 148 I By Rarh BENARE <BL 1
the two rekak denss of 1RNENEVE, mdchenitMard ddsaibed Hyafilier. 418the5ﬁndradstaiyshaﬁ 48

rotated independently so that the magnetron 72 can be ed in_a
near |y aistpiatedisy theathie supgeséndeiinnant fofstpn of st %eféﬁﬁfbé’&g @Bé‘f“i‘s&S

det er m g B L IEI Gl AR5 e SN 9NbE @ tﬂlelc reh find fimnaRR 21 @
conpl ex Scan pat 00 1 ustrate In t 20|ncludes
a gener akxetutes nmuiaaplapamtymonomuﬁmtﬂhdotwld@aﬂm atbhet then¢ndral 84s 34 d@th@llned

target and two snma raII circ r swn h fferent
centers @é@ngﬂméflﬂ Staé‘ s F?t“@r T‘IS‘E wﬁ)‘h %\6 FELR 8tred n
alJsows t E‘)ﬁ‘&%ﬁﬁﬁ; BRMmiRehén V?fo?l%q's tanrG&lBﬁHﬁ'% aout ﬂférceﬁt?dlgﬁits 381208 r4dius
For exa the magnetron 72 may be kept constant distance from

the surf dcternufled biethg Ph@ﬁzbbwefeﬂ@dWﬁgOfgﬁi%vé‘IQWWPlh@et%{qu sholy 48,50
t her eby nainta

target. %e rg*atedcm e(?t ga.leOPQfs%e I nvena%Pon | nv %\é§ egﬁgln%lﬁ‘sf19fa¥gl&ﬁy

vertical pﬁlﬁ\iﬁtﬁ?éﬁdeﬁﬁ oftahe 1emgieind @aar f2tio as determmed by instructions from the

controller 118. For example, a complex scan pattern 60 illustrated in the plot of FIG. 4
20 includes a generally circular portion symmetric about the center 34 of the target and two
smaller generally circular portions with two different centers offset from the target cénter 34.
The vertical actuator allows the magnetron to be raised to compensate for target
erosion. For example, the magnetron 72 may be kept a constant distance from the surface of
the gradually eroding groove in the target layer to there‘by maintain constant plasma
25 conditions over the life of the target. Several aspects of the invention involve the control of
the vertical movement of the magnetron 72.
The generalized scan pattern achievable with the epicyclic scan mechanism allows the
* same scan mechanism to be used for different processes resulting in different erosion profiles.
Even the same target can be used for different processes. Accordingly, the simple endpoint
30 target energy determined in the past does not dependably predict target ‘failure. Similarly,

vertical adjustment of the target-magnetron spacing cannot be easily forecast. At the same
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20 radii, a single calibration test may suffice. From the single calibration measurement, erosion

rate profiles for other magnetron radii R; may be calculated according to the equation

N ,
R, '
e(r,R)=|—| e(r,R,). €))
R, ;
This equation reflects the geometric relationship between the size of the magnetron and the
length of the circle over which it is scanning at some radius from the center. Although a
25 value N=1 is ‘expected from a simple consideration of the geometry, a non-linear relationship
is often observed and a value of N between 0.9 and 1.1 is typically used.

The erosion profile E(r) can then be predicted by summing products of the time

lengths T; and target power P, the magnetron spent at different vadii R,



This equation reflects the geonetric rel ationship between the size of
the magnetron and the length of the circle over which it is scanning
at some r MOAYIPBAN t he center. Althouglf a 25val ue N=FPCTEIS2HPELH &d
froma sinple consideration of the geonmetry, a non-linear
relationship is often observed and a value of N between 0.9 and 1.1
is typically used. The erosionrofile E(r) can then be

predi cted by summ ng pr oductslf){r)tmgté(neRJ)é’; t.hs T, and target power
P1 the nmagnetron spent at different radii R WO ,

2009/ 085157PCT/ US2008/ 013766 E(r)= E e(r, RaTi Pi (2) This equation does
not refl gk e§dioh A6és o AlflebhBe FROIMEL the haghdttonbilIibeare@ErSing ghd Sagnearyet
target radius nmultiple tinmes during its total scan perhaps_at .

di f f er entadjvewertiple tiales duritgsitsiotahsneh aerhepsatdiffarent pewablevelpp Ehy 24imutigh.
(2). It is.assuned that .over l.ativel i pa,i 1 D et
2 bel ngP GBI RPArPRtr BB, CF Rl Ripted Bt b TRaVE A ferrheR i
conponentaggedfs RingdH @ XvithadiRuRt §fin@stry fapit@the hbscirdularldvenponemtsibfa i zed
erosion path for long production runs is_obtain by forcin t&? -

r epeat edcaserierspath serbigs thag of Fith do rhbe icHelarizsd epasion Hagh g’é g‘mgg’&" HOP PR h
i s being:.r -] g‘{#\@@ g ' el s
exanpl e 15f°%%a?1ﬁ @?g’gég%&%g?ﬂg %%gs 1Tl u%t a%tg%imloﬁl t[{\ﬁgﬂgortg%ﬁhg? es&ie%s@a%,path
trace 161 beingtrstatedtabienighiadlyibetwaen afultige whafm cydies. magnet ron i s scanned

at a radius = 160nun for a first tj riod with irst ot

power, tr ace%_ FPGP of AR COSIOLTHF fﬁl"é‘?ﬁgﬁg \}\?ig"ﬁ gf‘ﬂ)il Oﬁg“é(ﬁ'eé’%ﬁﬁe fézgﬁ&s
scgnned @f efosiRdryfle Rt ﬂ&f}ﬂ'ﬁ%rkﬁén & se@meddt 4 JaiRis RS E 160mm fdi adirsteiz@nd
target power, .and trace 166 plots the erosion profile when the ,

nmagnet r opericsl withm first tasget powerdiress I8¢ plotstheerdsisn raofilgivyhen thevpagnstrprp i
with a third target. power. Tr J: ~

' aces 15765 BadilinRE ShomhiBrEacis e B sk BIARbREL By
t hr ee scgh 166 plots the erosion profile when the magnetron is scanned at a radius R, = 60mm for

a third time period with a third target power. Trace 168 is a sum of the other three traces |
15 162, 164, 166 and plots the total erosion prbﬁle for all three scans.
In practice, however, for large portions of a complex scan, the radius of the
magnetron is fairly rapidly changing. Further, rather than performing a running calculation of
this nature when only infrequent action is required, an easier appfoach is to keep tracic of
accumulated energy at each radii. That is, counters can established in the mémory 120
20 accessed by the controller 118. The data can be arranged in bins, for examplc, bins arranged
every IOmrh from O to 295mm,but. a smaller number may be used for typical scanning
patterns, for example, bins arranged at energies from 90 to 235mm.
The erosion rate darta need to be tabulated for these same bins and have the same
granualarity. At fixed and relatively short intervals, for example, every 100ms, the current
25 target power is added to the previous value in the bin corresponding to the current radius of
the magnetron. The time period is constant and needs to be considered only in the
calculation. o | '
| An exemplary control method for such an operation is illustrated in the flow diagram
of FIG. 7. It is understood that a typicai commercial control system relies on polling and |

30 interrupts so the illustrated flow diagram is used only for an understandiﬁg of the 6peration.
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i nfrequent action is required, an easier approach is to keep track of
accunul ated energy at each radii That is, counters can established in
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t he energ@ﬁﬁdﬁg&r&&gﬁ%m&tﬁ?ﬁri lggt% |r g’fr?r%s;fig‘b’ 5172@%88%51&5& bi ns al‘;rle
al | i ni t vedsioned tiealgositiom, the updatd siem 1 Zoenly spdages Ielenerdysintegpiatfethe i s

scanned according to the rrent. recipe. In. an_updat] test 176, it
is deter ﬁ’inﬁ%f’(ﬁtal%eqéadé‘f?oatang e‘?ﬁﬂﬂ@,‘“’? 8E&8§5’ﬁﬂn@f°%éﬁwf§ﬂq%5§§ee EY: _s‘eIHa
since t hQaias mettdd dhRicafarly AEpIRABIeGY pRIda&tidnlTufl) back WefeS@R M ThEgds thpsame
continues. If the short set tinme has el apsed, in update step 178, the
ener gy bisean atthe same aewer, forthe sama tatelsgarcisngthi Ascordmelnatine evd of aWplse
and the tj i t WelY ; ~ Qe
Bot h 1 he SUIF ¢ iyt 3175 By tpalp e el Bins IS chirelhPpeode,
power . Tihesedapgevalpevestablishied e thecurvoatreeipeher from the wattneter 122
or nore sinpl frogm{the Bro.ces reci In a si

e | e version of n(
al gorithm th&#PQ eete_%tt1 B 1y eEﬁ‘i‘T“ipeB pieieBg e’fﬂﬁ@'ng‘ﬁ@dgg)r ieﬁarf’?llé’ Hto ‘W&r
theg curr %he&&f&qh ttRICHnkd Sy FAL1 Pl fohRe faRdet HadblapdtdQinck iR @696 Prdfile has
profile is left to a later step. In a lbvariant rrethoqé‘gartl cul arlé/
appl i cabllast beenpaloulatsi dinot.the scagnio cortinaes. dlf Bleenpigyparied hashees greeeded,
_a calculation step 182 calculates or predicts the current erosion profile. The erosion amount
E(r) atradius 1; is the sum of Equation (2).
The profile test 180 may be coordinated with the wafer sputtering 6ycle, that is,
25 ; pérformed when wafers are being transferred in and out of the Sputter chamber. The cycling
may coincide with a change of sputter recipe including scanning pattern and target power.
In a limit test 184, it is determined if the erosion profile defined by the values of E(r,)
shows that the target erosion has reach 2 limit and a target needs to be replaced. An
exemplary test is that when the maximum erosion amount E(7,) is within a minimum

36 thickness value of the initial target thickness befcre erosion, the target should be replaced in

a maintenance step 188. Thereafter, the new target condition 170 is attained. The minimum
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scan at the same power for the same total scan |ength. Accordingly,
at the end of a wafer cycle, the energy update step 178 nay update
t he ener gWwingossty? t he entire scan period based upon PET/Ti808/013766
established for the current recipe. In a profile test 180, it is
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vertical conpensation may be easily determ ped as trgle maxi.num t ar get
er osi on. iftkspldssra sppRi@nconsly sgighites QyEr %IBOW?%E@FW’ © CHRPHER n@?’(%‘?s(? i

prgiile, p%ﬂg& fish %Ji\% L Bﬁﬁ%zs e ééaﬁﬁ@l@,&vﬂi& fibfralle tHBteSRRI CErchif oft

corrpensa? on |evel &f taken as the average of the erosion profile

~over a swhichfii felatolfyil.scanned portion of the target. Another choice is

a conpensati O&/hen the scanning step 174 resumes, the magnetron is at its new compensated
vertical position and continues there in static compensation for at least one and probably
many wafer cycles of horizontal scanning.

25 , Another aspect of the invention dynamically changes the targét-magnetron spacing
during the scan path to cbmpensate for the calculated erosion profile. In particular, it is
possible to move the magnetron vertically while the magnetron is being scanned azimuthally
and radially as part of the arbitrary horizontal scan pattern. The vertical movement may in
large part follow the erosion profile to compensate for erosion and provide a nearly constant

30 " spacing between the magnetron and the sputtering surface underlying the magnetron at all
times during the scan. That is, referring to FIG. 1, the controller 118 may be varying the
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15l evel 196 taken as the m ni rum anount of erosion over the
significantly scanned portion of the target. The latter choice is
driven t heoHa¥elon that if the nagnetron is placed t¥ol/PiO08A1ATp6
fromthe current sputtering face of the target, the nagnetic field
strength may be too low to naintain the plasma and the plasma

col | apseg, ki BRlor SR WirkEhdePo:Shd G d2Y 56, 2§Eﬁﬁ§%1e%andiﬁg.t he plasma
spont aneously reignites over a nore éroded portion, the reignition
may cause a 2@spatbodintent bfrsinethoi ofipsptititethss apécofthepavention &, illpditatdd in

may ca t he i ntegr iycuit.on which it falls .t.a fai
Uhen e tecimniRgat e ia 75 (radinselzaine s aserin bif gt 10 srapew
conpensakfgbt ML Eﬁ&% ?iﬁ?&ietz.&x‘%@d BPGHEQRSd iRHRBzddNB /IR dnRrSliaitiakization step 172

conpensation for at | east one and probably many wafer cycles of
hori zont ahd tezrsiongrofdis MnivithEreds Sresemple, zeneecd inga grosion igijiakzatiensstep 20.

Compenaat B bE e EEOE T BBy bult s P aPRp R R (hf s prpsentin
possi bl e tieQpimtehimiBer B g&1RS Ve@Trone fHcl sF&kdr)éhMlbdr@n& BéresRgaet istfunkfrred
Dot Lo 10 NP R R o BTRLE e ey o b ol san
hori zont &0 &¢ mp € ‘ > ;

ol 1 owt BRagiShARYoPle nEn! aGAUBERSAHCR. TRE sEHHINs BOth BE AYiARA scan

nearly constan spaci ng e magnetron and the sputtering
surd ace pattken dictangl folhtheselgeted pronesatbemlglpetfommes! and rivegicahmogaaent infhat
is, referring to F 1, the controller 1 .be varying.the.
2009/ 085 HSFREIFA YD gﬁ&ﬁﬁf@‘fé@“ TPEeR ialile- SFY P Pﬁﬂ?%%“‘g%‘?‘g%%%” 2l
ML Or'S S5gean3fith SFEhdlitah BEp bOE R GRABNAGd by the provesSrieRE] Weihe fRét @fm?:a@d
of practicing this aspec? of the-invention is illustrated in the flow
di agr am difis fp&al Bat thereanng erosipmin thaaden sphayertigtlneotianta reqnired &ir the at e
170 of a_new,target, the ener bj ns .Ze i

it al | 2R RCS e o RPhe e DRa R SFABTE 8 wh B PhS Besdner
prfi | e idiredtiyi fhilaw kireatlrrehtyalcRlatdtidrésiorz profikchinoe thsfeatuessiodhe profile may be
initialization step 20. Entering.the wafer c%cle in a wafer Lraqa&gr

step 204 sigpifisaRsbesaatigr (hap the dimensigns of éhegpagnetien | fasteath semepYEpeing ©
chanber, _.i5s: : , : j

Cr anst er £ FFEME fra) bR BLI AR L Rl AU Ao robIRSy ke peasiep
In a scark08tep 206, a conplete scan of the nagnetron for. the new

waf er i's perfqrned. The s i ncl ud bot h hori.zont al_. n

Opat terndi cANPEERRIPOYY etoat seh 206 Buteebtily HHERRYS waf Bt
vegd i cal taRyfegRsp204NinaRe AFFAt W& 198 the bEeEbing RBtupEatd Mr &icoshties €ah on
profile. The tinme period and the horizontal ,scan _path of the scan
step 206 paftan ded ayaHcHldontep 84 Preseesion prafilefecalevlatedibased py thejppdated. If
cycle it g S Lypfds &e%ﬁlir{egﬁ#a‘?tﬂeseﬁ&?orﬁﬁrﬁﬁ hg&dt%eérhl%a&@ﬁ%xeéﬁidﬁQetunﬁ
vertical ‘motTon T8 required for the magnetron. It is appreciated that
t he vert iferad newowafonstaiting mgthtthewsfea trasferpted @64 nEdble erosion limit has been

oV

reached, then the target is replaced in the maintenance step 188.
25 Aside from the dynamic vertical compensation, the process of FIG. 8 also differs
from that of FIG. 7 in not including the twb tests 176, 180 and in updating the ’energy bins
~ only at the completion of a scan. The static erosion compensation can be performed with the
timing of FIG. 8 and the dynamic erosion compensation can be performed with the timing of
 FIG. 7. |
30 The vertical prefile used in the scan step 206 depends upon the calculated erosion

profile. Alternatively, closed loop control of the vertical position of the magnetron may be
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15 directly follow the current calcul ated erosion profile since the
features of the profile may be significantly smaller than the

di mensi ondV@ROPPSIHagnet ron. | nstead, some averagi ng oPCTRNE2088/H87%n
profile may be perfornmed to determne a vertical scan profile used in
the scan step 206. After conpletion of the scan step 206 and probably
si mul t anegus fer t K ansf

178 1 ho ERErER e PRt e G 2TER KRR Ul R e At OCHBHRL bl o
cal cul atis@ erﬁﬁ@mb%nétﬁkﬁ-p%ms i@de pf cdristagt-tisrentinodd at @dmebdsmincbntwehe,

updated. It the |imt test 186 determ nes_that t?\g erosion |jmt has
not beenthﬁ&a&qﬁéaltag@x%tem%ﬁtq@tef?rﬂr&m%l@?° A RS rEFOTENE P FRRYOhi th t he

waf er trg{m r tiBR SarPEEperfRmed 8¢ setli

the target i1s rep glgégvﬁnﬁb{lh@g%{%ne?%ﬁﬁ%dg&@%p 188. 25Asi de fsr;‘om ﬁlp
dysanm c slesetiiload comrrrbﬁrthawmml rmdcgaeqmqms@nofl“ hepa@tradlen | Bomghitgre ﬂgough
fromtha of FIG %n not inclu g (g u@ ﬁﬁts 1721, 190

updat i ng* weltwptet Lt e LSNPSt “f‘ﬂ ap ﬁ‘fﬁ PG Ragnelon i anThe statl c

er osi on GRRBAGSARIBMp&RE tHAGn Aot void auota!bresreedésarem 0EltRE afll Gredis ﬂned
t he dynam c erosion corrpensatl on can % performed with the timng o
FIG 7. @ofiteactestor matlor 62 tsf ydrecallyaepvierihe mg@tran 73 inthe dectipage H§g§}’fon
t he calcula n..profil e of
t he vert 8% %81&3 61? eﬁléecf:‘ voglréitlg% ’rﬂea&és}f&t)é/ou%%ﬁéépb&&%&o %'He@f?éd

ron
2009/ 085&55318@“66&@8@&1%/&@3@&1 maiirfdltwelﬁixttemg kurf&é ecr tmoeiyhmniéh@ 2, it

is known that when the target DC power su 3/ S rat| in a
const ant cqseRfEpatery dargst e&ﬂ@t dhis uagersigpd ﬁﬁ‘gﬁg 68 #@ Féoﬁ“ﬁo g%qf%%n
the tar g%%fﬁpéc;ngﬁﬁrghén r§‘r€o trol Hﬁ@o%'% OV RE Bldr cBhPaisaffoind BigilfaBbriet -

Accor di ng anot the invention, dynam c erosion
conpensaClosed-ap chetrgiefttwinvetieh yorsphsx iPHQ) corprad frivolsans Propprtion integration,

the vertic netro 05|t Th roller 118 nonit

the vol ¢ FA SCER NG HETHREFE! SEHE dOP PG RRF-DR S Ige oo e a8
magnet ro&e%WchaIE@m%‘idrpddrﬂf thdBpearpatamidghe nonitored voltage to
a preset desired voltage and directs the vertical actuator notor 62

to vertical | yAltheughitheeinwenjioathes heepxeyplopgfornseath dirseoaps $93g meghanism

target v 580 HRRRetr
corres pogl éﬁgg ?%mgﬁagmgﬁ@%%g%%gfﬁ&g eo;mﬁ ﬁ)gnet ron r72 are1dont he
sput t er i B@nstuchatenss sudhsasttiee dhyahpositial hygreoop desseba thokongetgétin U. S.
erosion. It is understood that closed-|oop feedback control requires
careful BYRETBAPon of control theory to avoid over conpensation
angh osci | | at i epSinvEltRAE RERdEORUEPlonitbl @fpché BME&Jnél SsuteAnP h@Kedstp

control involving proportion, | ntegration, differentiation of the
moni t or edetsimgnation. of End Dﬁleﬁc femtha mmthshté?» @d%@g@l hardwire s testing f
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15t he sl ow change in erosion during the repetitive scanning.

Al t hough the invention has been devel oped for use with a three-axis
scan nmechaMOsIUIFBRI ng nearly arbitrary scan paths, i tP@E}S2008/013766
advant ageously enpl oyed to ot her magnetron scan nmechani sns, such as

t he dual position nmagnetron described by Hong et al. in U S patent
7,018, 515. 20The invention thus provides better control of the plasm
sputtering and easy deternination of end of Iife for the target with
littl e addiAiMsal hardware or testing. WO

2009/ 085157PCT/ US2008/ 013766 CLAI M5 1. A method of scanning a
magnetron in back of a target in a plasm sputter chanber, conprising
the steps of: . in%] [ a

pl asma Wit hin lf quemg hg%g?cagﬁgk)séput t gt?&??ob‘%a%%ﬁa%%g g‘g“‘tt‘?&&“ﬂﬁ‘h&e
scanni ng chieberpepmgirisong thdeterhs af: central axi s of the chanber along a

e Contr o aananl okl he A P TRl BR DT Bh b shERBGEL b
t hes sput ttggﬂ'a@t;f rom operational paraneters used during the scanning;
and 10renoving the target from service when the cal cul ated erosion
profile indi caeansing the magretoniahen alceniral awis of feshambatalange selaclsdipath
e gl S8l DGR RGP ARl o et v

3. The net hod catbuletid 40 osivdBroildproMeced Pe tiat spafteriiy feotl bpératidmt pardmeters
radi al positions 15but not azinuthal positions of the selected path.
4. The mssbdree thgsraging|affng 1 t hrough 3, further conprising
adjgisting a vertic bt fRYhn rvi | PR RERESRIIEALs £XI S
bahs%d upon thgé%%‘ﬁ?:%ﬁhg?%g ter os?%rﬁkgﬁg??%%fcgﬂt&%. 'Irl e rlrEt hold osf any
of cl ai nprdietehmined hint offenssidnesf thotapget.si ng a cal i bration step of
rotating a magnetron at a fixed radius fromthe central axis for a

gi ven energy period .and

2. The method of claim 1, wherein the operation parameters include the power

applied to the target and the selected path.

3. The method of claim 2, wherein the operation parameters include radial positions

15 ‘but not azimuthal positions of the selected path.

4. The method of any of claims 1 through 3, further comprising adjusting a vertical

position of the magnetron along the central axis based upon the calculated erosion profile.

5. The method of any of claims l‘through 3, further éomprisi’ng a calibration step of
rotating a magnetron at a ﬁxéd radius from the central axis for a given energy i)eriod and
20 - measuring a reference erosion rate pr()ﬁle, and wherein the calcﬁlating step includes
calculating an erosion rate profile for other radii than the fixed radiué according toa

géometrical relationship between the fixed and other radii.

6. The method of any of-,claims 1 through 3, wherein the calculating includes

updating energy bins arranged according to radii of the magnetron from the central axis

15-



20 measuring a reference erosion rate profile, and wherein the

cal cul ating step includes calculating an erosion rate profile for
ot her radiwoRea/8iifie fi xed radi us according to a geonetPCrdxR008/013766
rel ati onship between the fixed and other radii. 6. The net hod
of any of clainms 1 through 3, wherein the cal culating includes
updati ng energ% bi ns arranged according to radii of the nmagnetron
from t hedTEBFEIRNE WO 2009/ 085157PCT/ US2008/ 013766 during t he
scanni ng. 7. The nethod of claim6, wherein the updatl ng

i ncl udes incrementing the energy bins by a_ product of tar h?omer

and a t| me th’é ﬁb@n %ﬁf Gaig o vesaie hegtp ?@ﬁd&&%ﬂ?ﬁén?faﬁlﬂ“&f ety
bi ns. in g‘%ﬁﬁt &g&%@%gaﬁ ﬁ{errﬁ’ ’eﬂ?or?@ﬁé‘d@éos@d Etar'éﬂﬁtztnl'é}aau
pl asma SB ?P rec

npri si ng e st appl yi ng power to
t he targ6ﬂhEBHBXClte a plasma within the chanber and sputter materi al
fromthe target onto a substrate in the chanber;
scanni ng the magnetron about a central axis of the chanber along a

selsect ed pat hg 1Qhauh o2ty ARAoRGLIN Pak cFaNREReRE plbinkRphies pect
3
tothe central axis; ca culatlng an erosion profile produced by

t he sputuﬁmdmgcbmpnmngﬁwa&menﬁl parameters used during the scanning;

pased upon 1 niPH BT Ab R GE & orcig B wfp FsRRBE B il

wher ei N tHeHPYOR OBrdeBonts b bilssahie)in Rwbdmbed, y bet ween scanni ng steps
for different ones of said substrate. 10. The net hod of &gﬁ

8, wherein t hecapging termmagnetson,ahonf ¢ agnipl ey ebithe ghanksr eloas & sglafle

st o having radial and azimuthal components with respect to the central axis;
calculating an erosion profile produced by the sputtering from operational parameters
used during the scanning; and / ‘
vertically moving the magnetron parallel to the central axis based upon the caiéulated

profile.

15 : 9. The method of claim 8, wherein the magnetron is vertically moved only between

scanning steps for different ones of said substrate.

10. The method of claim 8, wherein the magnetron is vertically moved during the

scanning step.

11. The method of any of claims 8 through 10, further comprising removing the
20 target from service when the calculated erosion profile indicates a limit of erosion of the

target has been exceeded.

12. The method of any of claims 8 through 10, further comprising a calibration step
of rotating a magnetron at a fixed radius from the central axis for a given energy period and
measuring a reference erosion rate profile, and wherein the calculating step includes

25 calculating an erosion rate profile for other radii than the fixed radius-according to a
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11. The method of any of clains 8 through 10, further conprising
removi ng the 20target from service when the cal cul ated erosion
profile i NP 2WP/ESSIY |imt of erosion of the target hasPOE&R208%@IEEded.
12. The method of any of clainms 8 through 10, further conprising a
calibration step of rotating a magnetron at a fixed radius fromthe

central axis fo .gi yen_ener er|io d asuring a reference

er osi on %&F@tr&?{ﬁﬁ]flg{ls %I&G?W%%Fﬁxﬁﬁn%cogﬁ%ﬁﬁh ng step includes

25cal cul ating an erosion rate profile for other radii than the fixed
radi us according to a WO 2009/ 085157PCT/ US2008/ 013766 geonetri cal

rel ati onshi p Bethheanethoreoffary eficlaimes HthrrghlQgyherein the Cakitga.“ngﬁ’écl hod
of any of_ clains 8.t h Dy i i :
updat i ngupé1 ﬁ!é?%§neﬁgyr?§gi%%ﬁ%dé%bgccgtgir%aé% ohér:g%%gt Ig? f{&%gﬂhﬁ%g%{fe’a?rﬁ}gﬁ
from t heqghigtth@dcadihg during the scanning. 514. The nethod of claim
13, wherein the updating includes incrementing the energy bins by a
product of target power and.a tinme the magnetron was di sposed at .
regpective ragd."l;(}f%f dthS 8 dlsim 13, wherefitthe fpdBhB ek 1Rfes HfeAMbnfide the energy
magnetron in bac of a target in a plasma sputter chanber, conprising
t he st epsinoby 1 Padpétyif tyggrpaser dmd 4 thee thampenetran wxodisposed glrespretivgiradii n

t he chanb E} End sputter fromthe target; determ ni ng an erosi on
profile i’)tsrat WB¥ed by the sputtering from operational paraneters used
during the sputtering; scanni ng the magnetron abut a

central axis of the chanber along a sel ected gath 15havi ng radi al and
azi mut hal  conpbnimethodiafiscanaingeonagnetrem i keekp afargskinsa plasma sMHEUr r ent
wi th the .scanni “%pﬁé'ﬁgme‘é?éprs'oﬁa' |y nmoving the magnetron parallel to

8 1
central SmDer, co

10 applying power to the target to excite a plasma within the chamber and sputter from
the target; |
determining an erosion profile produced by the sputtering from operational
parameters used during the sputtering; /
scanning the magnetron about a central axis of the chamber along a selected path
15 having radial and azimuthal components with respect to the central axis; and
concurrent. with the scanning step, vertically moving the magnetron parallel to central

axis.

16. The method of claim 15, wherein the determining step includes calculating the
erosion profile from the operational parameters including power applied to the target during

20 different time periods of the scanning.

17. The method of claim 16, wherein the magnetron is moved according to a

compensation profile determined from the erosion profile.

18. The method of claim 15, further comprising:
monitoring a voltage produced by the power applied to the target; and

25 in response to the monitored voltage vertically moving the magnetron to return the
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16. The method of claim 15, wherein the determ ning step includes
calculating the erosion profile fromthe operational paraneters

i ncl udi ng Loyl 1ed to the target during 20differepéybiiRdsss 0ds
of the scgﬁg?}ﬁd. 17. The method of claim 16, wher eTn {(Yﬁse
magnetron is noved according to a conpensation profile determ ned
fromthe erosion profile. 18. The met hod of cl ai m 15,

further vobagertoaidegitedvoltageor i ng a vol t age produced by the power
applied to the target; and 25in response to the nonitored voltage
vertically noving the nmagnetron to return the WO

2009/ 085157PGY/ US2R8ADI3I4ER, Yahpa@e::t 0 a desired vol tage. 19.

A sputtering system conprising: a vacuum chanber arranged
around a centanabuwx clsanzhed aﬂrmg reoupd 8 lgeniral ayigand fidahde with yargetpowered
sour ce; b5an act uat or mechani smfor noving the magnetron al ong the
central AROYERHREdi ti onally in a path including radial and

azimut hal  conpQBERS metiidhisheRp aflvitgtht hageeoh aRing abd cntralrutis and a
controller controlling the power source and the actuyator nechanis

and det eadditienally inemsfhopelnding sahpl apd paippihal COPRATERTY VEPUEREFS 1 eo‘fen{;'n e
t ar get ta?dsd ('ierm' ne an 10erosion profile of the sputtered target.

20. The 'System of claim 19, wherein the controller includes a nenory
havi ng nul ti pl @neolldricestralling the powei sogree and dteactuatyl nteckarasrpemd  of

ener applied to the target when the. nagnetron di sed .at
res pg)ét i (\Pﬁgﬂr’i"&mg ﬁ?‘i“d’RF’iaH@gai Bﬁ‘iap’&fer%\‘%rglgég?tFeé’gﬁ(? ﬁ ﬁ%ﬁﬁrg?tgtg 38% Bt e
enpri es OQhsibdrofiRBYitde sputtered target.

20. The system of claim 19, wherein the controller includes a memory having multiple
entries and recording a history of the amount of energy applied to the target when the
magnetron was disposed at respective radii from the central axis corresponding to respective

entries of the memory.
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